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CNRS-IN2P3 Strategy on ADS e

- While Nuclear Policy is (luckily?) a national prerogative,
France is also part of "European Context"

* In the framework of the French legislation on Nuclear Waste,
we have chosen to focus on 2 axis of research, destined to

minimize high-level toxic waste, in particular with regard to
minor actinides (MA):

- Accelerator-Driven Systems (ADS) deployed as second stratum
for MA transmutation coming from present and future
pressurized water reactors (LWR, Gen. IT, Gen. III)

- Developpement of a Thorium-based fuel cycle with view of
deployment in molten salt reactors (MSR)

- This strategy is deployed in a coherent way since more than
15 years in different scientific departments and laboratories of
CNRS. IN2P3, provides and coordinates the majority of
resources
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Elements and coherence of our scientific approach

- CNRS-IN2P3 has the ambition to be a major actor for the development
of those ADS components in which it has expertise:
- the high-power linear accelerator (LINAC)

* the spallation target and the beam-line to it
* the sub-critical core and the associated reactor physics

- CNRS-IN2P3 has coordinated the reference design for the ADS-linac,
has designed and supervised construction of the target of MEGAPIE, and
initiated with CEA the MUSE coupling experiment

« coordination of accelerator WP of EUROTRANS (construction and test of
critical components partly in real scale)

- construction of critical target components

» construction of the GENEPI accelerator

* CNRS considers end of 2009 as major milestone
» conclusions of EUROTRANS and results of PTE-MEGAPIE available to the
Central Design Team (CDT) at Mol
- GUINEVERE experiment operational

* CNRS is organised for the 2012 date of the French law
* large amount of date from GUINEVERE collected and analysed

» Central Design Team's work permits to launch ADS-demonstrator MYRRHA
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National and international Collaborations

National:
* Priviledged Partnership with CEA or AREVA (F) within
PDS-XADS, MEGAPIE, EUROTRANS et CDT
- "Pole Accélérateurs" CEA-DSM / CNRS-IN2P3

* International:
* Priviledged partnership with SCK-CEN Mol (B)

- accelerators: "hard core" : INFN (I), U Frankfurt (D), IBA (B), ITN (P),
associated with AREVA (D), ANSALDO (I),
UP Madrid (Esp), Empresarios Agrupados (Esp), UNED (Esp)

* MEGAPIE: PSI (CH), FZK (D), ENEA(I), JAEA(JP), KAERT (Ko), DOE (US)
. EUROTRANS: more than 40 partners
- CDT : 18 partners

* CNRS is thus in a strong partnership with the all actors of ADS nuclear
research in Europe, (even world-wide). Member of the steering
committees, and work-package leader
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TWG: a European ADS Roadmap
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A Eurapean Roadmap for Developing
Accelerator Driven Systens (ADS)
for Nuclear Weste Incineration

April 2001

The Eurapean Technical Working Group on ADS

The European Technical Working Group (members see below)
issued in 2001 a Roadmap for Developing ADS (see left),
with the propasal for a 100 MWth demonstrator.
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IN2P3
TWG Repor'.r: Roadmap & COS'l' eSTimGTe % Lo B o Mo

Table 2.3. Time schedule and milestones for the development of ADS technology in Europe

Roadmap for the 100 MW,,
demonstrator (left) and
budget estimates (below).

Year 2000+ (01 |02 |03 |04 05| 06|07 |08 |09|10|11|12|13|14|15|16|17|18|19|20|25|30 40|50
Phase-1
XADS/XADT
Basic R&D
Choices of Options
Preliminary design
Design + Licensing
Construction
Low power testing
Full power testing
XADS Operation
XADT Conversion
XADT Operation
Phase-2
Prototype ADT
Basic R&D
Constr., Operation
Phase-3

Industr. Application

Table 2. Estimated costs (M€) for the development of a 100 MWy,

A TWG SUbgr'OUp accelerator driven system

elaborated the pro jecT Year2000+ | 1| 2 [3]a|s5]6]7[8]9]10][11]12] Total
5" FP 6" FP 7" FP

PDS-XADS (see next Basic & Support R&D 30 90 70 10 | 200

: : Engineering Design 5 75 60 10 150

Sl|de) Wh|Ch was Construction 0 80 300 70 450

funded by the EV. Fuel 0 10 120 50 180

Total 35 255 550 140 980

. R&D for Dedicated Fuel 5 70 70 35 180*

* Estimated cost to 2012 for development of dedicated fuel & fuel processing
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FP5 PDS-XADS*: Working Packages

*Contract N° FIKW-CT-2001-00179 (2001-2004)
Safety Is.szues,
/ Phenomenology . °
- w21 and methodology A collaboration between Industrial Partners
g Safety Goals, . .
e and Research Organisations
A 4

N F: Framatome-F CNRS CEA

WP 1 Assessment and

GlobalConerency Hanasement I: Ansaldo INFN ENEA CRS4
i RFA: Framatome-D FZK FZJ UFra
Y Esp: CIEMAT Empresarios UPM
e e e B: SCK IBA Tractebel
WPALEAZ g b gl UK: NNC BNFL
- Pt: ITN
T sk
Sui: PSI
GUPSIES e 03 Pl: UMM
NL: NRJ
Eur: JRC
| wess | coordinateur général : Framatome (B.Carluec, B.Giraud)
| Smalk-Seale XADS | coordinateur accélérateurs: CNRS-IN2P3 (A.C. Mueller)
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2001-2004: PDS-XADS as central P&T project

European Commission

Projects on ADvanced Options for
Partitioning and Transmutation (ADOPT)

PYROREP

PARTNEW
CALIXPART

PARTITIONING (5 MEuro)

TRANSMUTATION (3.9 ME uro)
Fuels:
CONFIRM
THORIUM CYCLE
FUTURE

= "

TRANSMUTATION (6 MEuro)

Preliminary Design Studies
foran Experimental ADS:
PDS-XADS

Pl

.

Basic Studies:
MUSE
HINDAS
N-TOF_ND_ADS

TRANSMUTATION (6.5 ME uro)

TRANSMUTATION (7.2 MEuro)
Technological Support:
SPIRE
TECLA
MEGAPIE - TEST

fi7 Y

'y
O
EURATOM

06.09.2001- Slde 1
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Department | e i
of Energy | B

eg(:lpie PAUL SCHERRER INSTITUT
|_,-_:

MEGAPIE-TEST

el s o @ e

_ Last 12 hours of SINQ beam D@E| Start of Normal User operation.

-- powsr | Temp. | Normal user operation was started on

. August 21 around 8:30 and is planned

e e ...... ?}??.1.?.‘.‘.‘?‘2’....1.????.&*.’: ........ . |to continue until the normal annual
::::::::i::::::::‘:::::::: 21.aug.2005 20zo0:00 T | WINE! sibdown starting on December

..................................................................................

The first 12 hours of proton beam Is
seen to the left.
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The PDS-XADS Accelerator Group (WP3)

WP3 partners
- Coordinator: CNRS-IN2P3 (F)

- Participants: Ansaldo (T), CEA (F), ENEA (I), FANP (F), F GmbH (D),
IBA (B), INFN (D), ITN (P1), U. Frankfurt (D)

Main WP3 objectives
- Investigation of linac and cyclotron types with the main emphasis on the XADS
requirements

Examination of the XADS accelerator characteristics: reliability, availability,
stability, power control & maintainability

Definition of the R&D needs

Choice of the reference accelerator type for XADS and for a long-term
extrapolated industrial fransmuter

Definition of the road mapping of the ADS-class accelerators

6 Deliverables
- D9-D47 -D48 - D57 - D63 - D80
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XADS Accelerator Requirements —

Proton Beam Specifications

- Defined by WP1 Accelerater requirements
- Max. Beam Intensity : 6 mA
600 MeV, 6 mA max. for Froton Energy _ sy
oper'a’rl on Beam entry ' To be defined
. Beam tri b Less than 5 for the accelerato
- 10 mA for the demonstration il | ess fhan ”“"”;ii‘,,'.gﬁr r
Of Concep'l' Less than 50 pgre?.s?ga: for the reactor
- 350 MeV for the smaller scale Beam type . Ir::v[«;r, é:.e;: scrll.g;?nr
i Uisad, DAacH=un TN
XADS MYRRHA Beam power stability 5 + 2 %,
High reliability requirement: BEEﬂm_E:'E'Ellir‘ BTE;;'I'-‘:“ _: -*;%i
. eam intensity s ity - + 2 %
less than 5 beam trips > 1 sec Bearn footprint dimensions + 10 %.
per year
.. . 4 i, ls y 15 R
Additional requirements 1 oo o0 " 2 00us
' L s |
- 200 ps beam « holes » for on- o} - —
line sub-criticality
measurements ,
- Safety grade shutdown 0 >
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. . . %’ IN2P3
Spallation makes secondary particles for many domains T

Secondary Beams produced by a
high energy proton in a target
5 applications in fundamental and applied Research

S Nagamiya JAERT & KEK Joint Project / Muon |1
L
Target Nucleus £ -
Proton (p)
Nautran(n)

'\\

* e
Proton (p}

Energy in the 1 GeV range

™ P Antiproton

Neutrons (n)
produced
by spallation
ho fissile material

Rare Isotope Beams

@ Transmutation
of long-lived radioactive wastes
Technical Irradiation Tool

Tests of material

JLLAGLARE, CONCERT leam, IEEE 2000 NES-MIC in Lyon, ffaclare@cea.ir 2
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Specifications for different HPPA IN2P3
HPPA = |High Power|Proton Accelerator
- - )
Puissance Energie
[MW] [GeV]
Faisceaux secondaires Neutrinos, muons 4 2
S avec des protons 2 >2
lons radioactifs
avec des neutrons 5 1
. - par spallation 10 1
Irradiation des matériaux oar break-up ("IFMIF") oy 04
Matiere condensée avec des neutrons 5 1.3
Transmutation Démo 100 MW thermique 5 .6
Systeme industriel 10a 20 8al
—___J
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HPPA under Construction/commissioning: J-PARC s

RIBRNFTERE
Nuclear and Particle Ph u:s Experimental Hall

#ﬂﬁ Eiﬁﬁ#ﬁﬁﬁﬁﬁﬁ
aterials and Ljfe Science Facility S

[3GeVy Y50 RO
e"u" Synchrotron

T EL TR

Accelerator-Driven Transmutation
Experimental Facility
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J-PARC %j; IN2P3

'fj Dsstmvr Namowar or Prvsigre Nverisime
et oor Povsigre nes Pawnicvies

Construction Schedule

FY2001|FY2002|FY2003| Fy2004|FY2005(FY 2006 |FY2007| FY2008

Bldg. construction
3 Beam

Linac | Equip. construction test
=l

Bldg. construction Beam
Equip. construction test
3 Gev quip.

Elltflg. oons“trulc*tion | Beam
50 GeV | Equip. construction test
; —
BEldg. construction | Beam
Materials + Life Equip. construction test
Bidg. ::onstructilon | Beam
i i il test
Muclear-Particle | Eqmp: construclfon (1
| Bldg. construction Beam
MNeutrino (plan) [ | Equip. construction test
Others ConstrL.:cﬂun ! ]
| Archelogical studies A = A=
Salt Farms | - T § Phase 1 50 GeV PS
- Experimental Area
Construction Start Now Beam — Phase 2 3GeV PS &

(256Hz)

R&D for Nuclear
Transmutation

3 GeV PS
Experimental Area

[l

Linac
(Superconductin&]}

Linac 50 GeV PS

(Normal Conducting)

Neutrinos to
SuperKamiokande

Phase 1 + Phase 2 = 189 billion Yen (= $1.89 billion if $1 = 100 Yen).
Phase 1 = 133.5 billion Yen for 6 years (= 2/3 of 189 billion Yen).
Construction budaet does not include salaries.
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A second brand-new HPPA: SNS

SNS at Oak-Ridge, beam since2006

Front-End Buildin
P g
o ——

T gl Sy Klystron B-:I!dln T e
Central Helion? “\v ¥ g g

I_iquefacliuﬁ"

Building -1! “ﬁy ",
Radin-Frequen:ym: - s S

~ Linac Tunnel

.
L

Fm:ilit:.nr .

Support
Buildings =

".... W

Central Laboratory
and Office Complex

Joint Institute for b
Nedtron Sciences
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%f IN2P3
}5_

'fj Dsstmvr Namowar or Prvsigre Nverisime
et oor Povsigre nes Pawnicvies

161-kV Substation
Cooling Towers
e

Ring
Front End Building —
M o Ring Service Building
e Bu“tilfl';ti:f!; : o < RTET (Ring to Target
S = ! Eeam Transport)

Klystron Hall z-%

— P
CHL and SRF
(Central Helium Liquefaction Building and
Superconducting Radio Frequency Shop)
HEET
{High Energy Beam Transport)

Frigos | Prieer | Fress | Fraess | erzome M central Lab and
uiwlm{mhmwwmwmwﬂwmwﬂm Grfice Bl
S Concapun e
5 rmimt Design [

ST N R R |
I Construction & Instafistion | :
-M&mm - ,
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Choice of the Generic Accelerator Type

Main technical answers

- Superconducting linac
* No limitation in energy & in intensity
- Highly modular and upgradeable (industrial transmuter)
* Excellent potential for reliability (fault-tolerance)
* High efficiency (optimized operation cost)
- Cyclotron
+ Attractive (construction) cost (?)
* Required parameters at limits of feasibility ("dream machine")
* Compact, but therefore not modular

In complete agreement with findings of the NEA report:

Cyclotrons of the PSI type should be considered as the natural and cost-
effective choice for preliminary low power experiments, where
availability and reliability requirements are less stringent.

- CW linear accelerators must be chosen for demonstrators and full
scale plants, because of their potentiality, once properly designed, in term
of availability, reliability and power upgrading capability.
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ADS accelerator reference scheme .

PDS XADS Superconducting linac: Highly modular and upgradeable (same concept

N4~ for prototype & industrial scale) ; Excellent potential for reliability ;
st /‘\ High efficiency (optimized operation cost)

SC spoke

350 Wi ok Feoe b
1 section (?) - :

; )
~100keV 3.5 MeV oo i EE Co
analof

~ 100 MeV ~ 200 MeV e i
~ 20 MeV (?)
Spallation targe
Independently-phased & sub-critical

core
Linac Front End Superconducting Section
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Reliability Analysis

P 2

Dstmvr Namoxa o Pavsigre Nvcuiame

eroor Povsigre nes

Pawricunrs

FP5
CONTRACT N°: FIKW-CT-2001-00179

ISSUE CERTIFICATE

PDS-XADS
Preliminary Design Studies of an Experimental
Accelerator-Driven System

Workpackage N° 3

Identification: N° DEL/03/057 Revision: 0

Potential for Reliability Improvement
and Cost Optimization
of Linac and Cyclotron Accelerators

Dissemination level: RE

Issued by: INFN

Reference: INFN/TC_03/9 (July, 23", 2003)
Status: Final

Assessments using the « Failure

Modes and Effects Analysis »
(FMEA) method

= e X

System design o
. : Reliability Block
Design Review Diagram (RBD)

ITERATIVE

PROCESS

Failure Modes and Effects
Analysis (FMEA / FMECA) x —
Fault Tree Analysis (FTA) Reliability studies:

MTBF, MTTR, A, R, etc.

Summary:

This document identifies the suitable design strategies that have been followed in order to meet the
reliability and availability specifications for the XADS accelerator outlined in Deliverable 1. The
document describes also how these strategies can be applied in the different components of the
XADS accelerator design, and how design iterations can lead to reliability improvements. The
Failure Mode and Effect Analysis (FMEA) methodology has been used on the suggested design for
highlighting the reliability critical areas. Finally, a first rough cost estimation of the XADS
accelerator is also provided.

Paolo Pierini, Alex C. Mueller,
INFN CNRS

Bernard Carluec
Framatome ANP SAS

23/07/2003 %NN %‘l | (v {’)’)WA/-/

RESPONSIBLE WP LEADER COORDINATOR
DATE Name/Company Name/Company Name/Company
Signature Signature Signature

/ Data sources

(MTBF, MTTR)

Benchmarks based on other experiences

for estimating, predicting and
controlling the probability of
occurrence of system faults
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Optimisation of Accelerator Reliability for ADS

Need to have linac design that can handle the loss of one or several cavities

The_modularity of our LINAC makes this possible because we have
INDEPENDENTLY PHASED structures

We need to find procedure that use the neighbouring cavities to
compensate phase/energy beam offset

These procedures should then be integrated in RF control system

Cavity #n is faulty

A

Cavities #n-2, #n-1, #n+1, #n+2 are retuned to recover the nominal beam energy & phase at point M
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After "XADS" (FP5) EUROTRANS in FP7 e

EURopean research programme for the E
UROTRANS

TRANSmutation of high level nuclear
. . HESEAHCH
waste in an Accelerator Driven System IMECLEAG RSS20 AR PTIYE STE)

E§
EU FP6 programme (2005-2009) FooEs

AnsaldoEnergia
31 research agencies & industries, 16 =

universities

Expands the EU FP5 project PDS-XADS
(2001-2004)

5 Domains (DM1=Design, ...) .

Main GOAL of the EUROTRANS programme

- Advanced design of a 50-100 MWth eXperimental facility demonstrating the technical
feasibility of Transmutation on an ADS (XT-ADS, short-term realisation)

- Generic conceptual design (several 100 MWth) of a European Facility for Industrial
Transmutation (EFIT, long-term realisation)
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European Transmutation Demonstration

1. XT-ADS (ADS prototype)

Goals:

Demonstrate the concept
(coupling between accelerator,
spallation target & reactor),

Demonstrate the transmutation

Provide an irradiation facility
and an EFIT test bench

Features:
50-100 MWth power
Keff around 0.95

600 MeV, 2.5 mA proton beam 3%
(or 350 MeV, 5 mA) "

Conventional MOX fuel

Lead-Bismuth Eutectic coolant

Alex C. MUELLER, BRIX annual workshop, April 7-9, Mol, Belgium

A Features:

2. EFIT (Industrial Transmuter)

(. ; ﬁ’

Goals:
2R

tenancen '

igh level of l\jL ability for a
cost-effectiven rw,)r utation

JLTET

O
Several 1

Keff aro JﬂfU)? :
800 MeV, 20i1r mton beam
Minor Actinide fuel

Lead coolant (gas as back-up
solution)
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Accelerator main specifications

% IN2P3

Dsstmvr Namowar or Prvsigre Nverisime
r YSIQUE Pawricvny

High-power proton CW beams

Table 1 — XT-ADShnd EFIT proton beam general specifications

Maximum beam intensity 25-4mA

20 mA

Proton energy 600 MeV

Beam trip number

< 20 per year (exceeding 1 second)

800 MeV

Beam entry Vertically from above

< 3 per year (exceeding 1 second)

Beam stability

Energy: £ 1 %, Intensity: £ 2 %, Size: £+ 10 %

Beam footprint on target Circularf 5 to 10 em, “donut-shaped”

An area of up to 100 cm? must be “paint-
able” with any arbitrary selectable
intensity profile

Beam time structure

CW, with 200 us zero-current holes every 107 to 1 Hz,
+ pulsed mode capability (repetition rate around 50 Hz)

Extrememely high reliability is required !!!

Alex C. MUELLER, BRIX annual workshop, April 7-9, Mol, Belgium

24



Reliability-oriented accelerator tasks

SC spoke
cavities:
350 MHz,

1 section (7)

SC elliptical cavities: Beam dump
700 MHz, 3 sections

(B =] S (EE
B=035 p=047 T
- 100 MeV - 200 MeV - .
Spallation target
Independently-phased a s":::iﬁ“[
Linac Front End Superconducting Section

Task n°1 : Experimental evaluation of the proton injector reliability

Task n°2 : Assessment of the reliability performances of the intermediate-energy
acceleration components

Task n°3 : Qualification of the reliability performances of a high-energy
cryomodule at full power and nominal temperature

Task n°4 : Design of a prototypical RF control system for fault-tolerant operation
of the linear accelerator

Task n°5 : Overall coherence of the accelerator design, final reliability analysis,
cost estimation for XT-ADS & EFIT
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L

i & . ——
E = Fobaiia " N
gi & .- 12 N 3
CENTRE NATIONAL —— Al
DELARECHERCHE | i

I j SCIENTIFIQUE

i ’
-t =

ction n°1

. i — [ - f #
I R | The IPHI final beam line T

- SILHI Source operational (100 mA, 95 kV)

The IPHI RFQ se

80 mA - 85 kV pulsed beam (300us/200ms)

- Fabrication / installation of RFQ & beam line in progress

- Successful tests of short beam holes production for sub- > - Yy
" . . . . . 2 b AN WA
criticality monitoring (25us fall & rise time) I [
% f —— Faraday Cup Intensity [
_g t i ——Trigger H
Final PURPOSE => Real scale long reliability test run ¢ i Rk
The 3 MeV beam Wi” be ContinUOUSIy Operated over a -5.E-04 -4.E-04 »3.E-§ -2.H-04 -1.B-04 o.eio 1804 2HB-04 3.E04 4FEH04 S5E-
period of 2 months with beam intensity 20-40 mA -
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Task 2 - Intermediate-energy

Intermediate Energy Section _ ".350*;
(3/5 MeV -> 100 MeV) ===
2 main types of structures are evaluated DL Is:é;:m;;vmwg

- Multi-gap H structures (front end)

- Superconducting spoke cavities (independently-phased linac)

JOHANN WOLFGA N(gG();E.THE g i CENTRE NATIONAL
UNIVERSITAT f DE LA RECHERCHE
i

FRANKFURT AM MAIN SCIENTIFIQUE
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TOSk 3 - High-energy Cr'yomodule 7] -

Design, fabrication & test of an elliptical module at ) y
nominal power & temperature Llﬂ:N /ﬁ“m

- B =0.47 prototype constructed and tested
- Vessel & valve box nearly ready to be ordered
- CW RF power coupler under final design

- 700 MHz RF 80 kW power source received

Cold box
connection

Phase = - ® 7501 Test #1
A Nl \ . 2502 :
separator D 4 \ n o g ; i B e +# E,_=8.5MVim @ Qu:mw
o ] \ it \ F !.'?','--:_I ! \) "anm gy g * mug
DR ke ‘ UL } ..'.h.*-y.‘.ld. F e,
\ ' " . . | B . = |
' - Q 10 . * O, v
{ N | 4 ol 0 o .
\ u > I I} ™ - ]
70 K shield :"E:,I a4 /
s ¢ multipacting barriers
I = c¥” start of electron emission
- ‘ 109 L. 1 1 I 1 1 1 1
Coupler port 0 2 4 6 8 10 12 14 16 18 20

E,.. [MV/m]
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TGSk 4 - RF CO""T‘O' SysTem

Fault-tolerance = ability to loose a RF cavity (or O-pole) without loosing the beam

Based on a fast local compensation method, possible thanks to the independently-phased linac

AALLEA I 180 r-[ C=o
|!:a\n1le _#n+1, #n+2 are retuned to e nominal beam ene gy& hase at point M ]
- Two fast failure recovery scenarios (<< 1 sec) have been identified % S
& checked on the beam dynamics point of view, both based on: smmnaue

- Fast fault detection
- Fast update and tracking of the field/phase set-points (preset)
- Adequate management of the tuner of the failed cavity

- Requires up to 30% margins on RF fields and powers

- Requires the use of digital LLRF control systems

: : : FPGA
- Heavy R&D on-going on this topic based
Note -> Fault recovery system in real operation at the SNS SC linac (US) DIGITAL
: 1178+ 7 H 1 7 H SYSTEM
(global compensation method, “high” energies, “slow” retuning)

J-L. BIARROTTE, ICENES 2007, 04-08 June 2007, Istanbul, Turkey.
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Task 5a - Accelerator conceptual design

GOAL => Reach an “as much as possible” frozen design
with assessed reliability fiqure and costing in 2009

XT-ADS cost parametric study Preliminary reliability analysis
- Classical linac ADS linac, optimized for reliability
: ——
200 "] : . -
— .-
350 ’/"—'—“-
\ / "
00 T
i‘ ng'm Aary. oulmsrsvan
g 250 / 3
faN O (+2
- 350 MeV, 5mA
100 |
) . Energy eV} bt
System MTBF 31.19 hours ' System MTBF 757.84 hours .
Beam dynamlcs simulations : _
. Nb of failures (3 months) 70.23 Nb of failures (3 months) 2.89
—” eSS S Steady State Availability 86.6 % Steady State Availability 99.5 %
Preliminary reliability estimations by P. Pierini, INFN P

i % CENTRE NATIONAL ﬂ :> The “IeSS than a feW

DE LA RECHERCHE

— ] INFN  beam trips per year”

sl 5 (% goal is REACHABLE

FRANKFURT AM MAIN
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Task 5b - Interface with the reactor (or user!) e

X(mm) - ¥(mm)

- Design of the final beam transport line with shielding

- Connects the linac to the LBE spallation target

- Guarantees the position of the beam spot and ensures
that only particles of nominal energy are delivered
(doubly-achromatic line)

- Guarantees the shape and required distribution at the
target (redundant beam scanning)

+ Analysis of beam transients effect on fuel and target

-40 -20 20 40

0
¥max =34.629 mm Ymax =33.018 mm

+ Investigations on Control/Command general philosophy —\
—
. 2m 7 AnsaldoNucleare
= Lt Una Societd Finmeccanica
% % E % “‘E?’_}\ % CENTRE NATIONAL
A_;“ ';c !i“ac g SCIENTIFIQUE
E
T 20
-25
-30
_35
-A0
0 20 40 60 80 100 120 140 160
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. . . . ] % IN2P 23
Physics with Radioactive Ion Beams: Reactions & Rates e

L ilill||] I Illllﬂr IIHI}}II I IIIII||'1 T 1T |IIII T I'IIIIIEI T IlII||[ T IIIIIII T III!II'l]' T ||i[||]l | ||r[r|'[|_|_r[‘|'|'|'||]_
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102 = Measuremer‘ts EE IllIIIIIIllllllllllllllllllllllIIIIIIIIEL -g
. = = Elastic, Inelastic Scattering =: =
10 FE'E EII.IIIIIIIIIII-IIIIIIIIIIIIIIIIIIIIIIII -i —?
&= = Direct Reactions, Nucleon Transfer =, 3
L 1 = ;;lllll-&lllllllllIllllllllllll!lllllllllllllll:-:. '..‘
-% 7 : E: = "o
~ F - : = Coulomb Dissociation : o
© 10" 5 ; ;::'l--n---l.lll-llllIlllllnlllll}lll.l.l.l.l.l.l.F..l.l.........:"
> b, = Radiative Capture =,
10 ., : s
o '0 " . -
: *,, Deep Inelastic and Multinucleon Transfers a
-3 : "' l:llllllIlllllllllllllll!lE E
10 _:_ ’0’. ':.
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Conclusions of the NUPECC Working group on the
ext Generation European Radioactive Ion Beam

Facilities in Europe” (April 2000)

Next generation of RIB facilities should aim at intensities 1000 times
higher than in the facilities presently running or at the commissioning stage.
Two truly complementary facilities based respectively
on the <« In flight and Isol » methods are needed to cover

the foreseen physics issues.And they should be second to none world-wide

Projectile Fragmentation

Heavy ion
accelerator

Thin production
target Radioactive ion beam

ISOL

Transfer tube Ion source

Isotope / isobar
separator

Thick, hot target
Production beam |

i Radioactive ion beam
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Figures of Merit (in first order approximation) IN2P
Transparency borrowed from P. van Duppen

Secondary beam intensity:

M

Isecondcu*y = Oproduction N’rar‘ge’r Ibeclm

X €release - transport

X €ionization

X 8‘rmnspom‘ - storage - post-acceleration

Event rate:

v

I ,uns(reaction) = I N

secondary nbr‘anching Oreaction secondary target
X 8specfr'ome‘rer'

X €detector

Icoun‘rs(decay) = Isecondary Nbranching
X €detector

Pureness of the secondar

y bea

)4

Peak to backg

round:

WV

Isecondar'y/ I‘ro‘ral

Rr‘esolving power

(suppression of background, identification of

events)
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FAIR : The 2nd generation in-flight facility Ry S

et or Puvsigur nres Pagricnnns

RO Rl v
Kick-Off Event

and

Symposium on the¢'physics at FAIR

7.-8. November 2007
GSI, Darmstadt, Germany.

Advisory Committee:
Horst Stocker (Chair)
Ingo Augustin
Roland Garoby
Bill Gelletly

Hans Gutbrod

Zbigniew Majka
Thomas Stohlker
Ulrich Wiedner

Internet:

B . i Local orgagizing committee:
www _fair-center.org/registration

Ingo Augustin
Registration deadline: 15 October 2007 Beriifio Becker-de Mos
Contact: Hans Gutbrod
i.augustin@gsi.de Alexander Kurz
Secretary: Ingo Peter
so.hofmann@gsi.de tel. +49 6159-712916 Horst Stocker

= i o [ W PR E= RSN (X HS

@ vemnourz
- _-.*"-‘- JEEHElNSCHlFT.
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again from

Piet van Duppen On the road towards EURISOL:

upgrades and new comers (ISOL-based)

<Asia
O - il N
T'-i. I_‘:&f d
PR
N 4 el
A5 :
- A T
v 'Australia by
h X o '
i L
vy S A

= R e
- Antarcr.-ca::ya ——

EUR SOL

European Separator On-Line
Radioactive Nuclear Beam Facility
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FAIR & SPIRAL 2 on the ESFRI list

Report 2006

S Bilateral Collaborations -
SPIRAL 2 =t

Press Conference — European Roadmap for Ressarnch infrastuctures

: C}:—mu in preparation
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SPIRAL 2@GANIL — Next generation of ISOL Facility

Stable Heavy-lon
Exp. Hall

CIME Cyclotron
Acceleration of Rl Beams
E < 25 MeV/n, 6-8 MeV/n for FF

Production building

= {5_‘ C Conver.-‘-er' -I-ch TGr'QeT

< 1014 fissions/s

Heavy-lon ECR

- RF
~ S A/q=6 Later

Super conducting LINAC
40MeV d ,5mA ,14MeV/n HI




'fj }J Dsstmvr Namowar or Prvsigre Nverisime
iroor Puvsigpr

SPIRAL 2 Schedule

Safety
authorizations

Unjer discussion

S )
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HIE
ISOLDE

ISOL
>3 A.MeV

Rex
ISOLDE
| ISOL
bn~ 3

A.MeV

2005

SPIRAL

ISOL
Louvain 25 A.MeV

oL
2000, 59
A.MeV

6GSI

fragmentation
1000 A.MeV

Runnin
? | Projects INNNNNEEGEGEGEGE TN
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REX-ISOLDE at CERN

i ESSSS LN
HY-platform ISOLTRAPL  RF-Spetrometer
MISTRAL
Control ' ,,:
Room /|
NICOLE
5 L 60 kev / '
Ll mINIBALL

J REX-ISOLDE
tar

Separal RFQ

] ] [l [
I | I | [H| 1

LINAC beam line fion
| 2.2 MeViu experimen
|~ X ~ e

Power Supply
Room

up to 4.3 MeV/u

SOLDE

0

3 10m
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Last, but not least:
Do not forget the phantastic need for Nuclear

Education with hands-on experience |

and thank you for your attention
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